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ABSTRACT

The U. S. Arny Engi neering and Support Center, Huntsville is
actively involved in the |ocation and renoval of buried

unexpl oded nmunitions at fornerly used defense sites (FUDS). In
sonme cases the nmunitions are liquid filled which may indicate
hazardous chem cal agents. A critical parameter for chem ca
warfare material (CAW) safety siting is the downw nd hazard in
the event of an accidental detonation. A environnental steel arch
vapor contai nnment structure (VCS) over a munition renoval site
can reduce the downw nd hazards resulting fromthe accidental
detonation of CMW This decrease in downw nd hazards al |l ows
significant reductions in the required evacuation distance. The
initial devel opnment of the VCS was in support of the Spring
Val | ey (Washington, D.C. ) renoval project. A discussion of the
Spring Vall ey devel opnent, depl oynent, and | essons | earned wll
be discussed in this paper including a description of the VCS,
structural features of the structure pertaining to blast and
chem cal agent containnent, the nodel nunitions, as well as an
overview of the tests conducted and a brief sunmary of the test
results, are presented in this paper. Tests were conducted using
replica scale nodels of the "Livens" and the 4.7-inch nunitions,
filled wth an inert agent simulant and detonated inside of a
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full scale VCS. Additional tests on the VCS are being conducted
to enhance the usability of the VCS. A maxinum all owabl e bare
expl osive charge limt has been established for the VCS and the
tests conducted to establish this [imt wll be covered in this
paper. Capture efficiency tests for two to three charge wei ghts
will be conducted in fiscal year 1997. This wll allow for the
use of the VCS for charge weights up to the explosive limt.

This paper will also discus other contai nnent options and uses.
These include the devel opment of a partial containnent annex to
the VCS, which uses open suction hoods near the rel ease point
with high suction flow rates to capture a non-expl osive rel ease
of chem cal agent. Al efforts are conducted in support of the
Huntsville Center's Ordnance and Expl osives Arny Mandatory Center
of Expertise and the Innovative Technol ogi es Program

1.0 INTRODUCTION AND BACKGROUND

The U. S. Arny Corps of Engineers is currently involved in the

| ocation and renoval of buried unexpl oded nunitions at fornerly
used defense sites (FUDS). In sonme cases these munitions wll be
liquid filled rounds which may contain hazardous chem cal agents
(CW). Acritical paranmeter for safety siting is the downw nd
hazard in the event of an accidental detonation of such a

chem cal round. The use of a vapor contai nnment structure (VCS),
in conbination with a high efficiency particulate air (HEPA)
filter and activated charcoal air filtration system over the
renoval site can substantially reduce the downw nd hazard.

1.1 Spring Valley

On 5 January 1993, a civilian contractor uncovered a quantity of
Wrld War | munitions while digging a utility ditch for hone
construction in the Spring Valley comunity of Washi ngton, D.C.
An energency response by the Arny Expl osive Ordnance Di sposal
(EOD) and the Arny Technical Escort Unit (TEU) identified the
muni ti ons as possi bl e chem cal ordnance.

Operation Safe Renpbval was initiated to renove the ordnance.
Phase | was conpleted by the end of January 1993 with a safe
renmoval of 137 munition itenms. Phase Il Operations were then
initiated by the COE, Baltinore District with technical support
fromthe Ordnance and Expl osi ve Waste Mandatory Center of
Expertise and Design Center at COE, U S. Arny Engineering and
Support Center, Huntsville (HNC). Phase Il operations included
hi storical research of the Fornmer Canp Anerican University
Experinent Station and Canp Leach, surveying and mappi ng the
area, geophysical surveys of the selected properties,
coordinating wwth the public of all activities, devel opnent of
pl anni ng docunents and coordi nating | ogistical requirenents for
t he excavation, storage, and transportation of all recovered
munition itens. As an elenent of Phase Il, a geophysical survey



was performed utilizing non-intrusive investigation techniques
and mappi ng of geophysical signatures of anomalies of the
surveyed properties.

The anomal y di scovered at Wsley Seminary on the Fornmer Canp
Anmerican University area was determ ned to be possible buried
chem cal warfare material (CW). The close proximty with Wsley
Sem nary and the Anerican University to the anomaly site posed
nunmerous | ogi stical and safety problens. The no significant
effect (NOSE) distance predicted for this anomaly was cal cul at ed
at 329 meters for an un-contained detonation. The standard
procedure is to evacuate all nonessential personnel and the
public to a distance outside of the NOSE distance when suspected
chem cal ordnance is unearthed. The NOSE di stance cal cul at ed
woul d enconpass all of Wesley Sem nary, a |arge portion of the
American University including student housing, and several
residential honmes in Spring Valley. This was deemed unaccept abl e
due to its high cost and serious |ogistical conplexity. A nethod
to safely reduce the NOSE di stance was required.

HNC was tasked to devel op an engi neering control solution to
reduce the NOSE di stance. The concept devel oped was sinple and
extrenely effective. The concept is to place a vapor contai nnent
structure (VCS) over the renoval site, nmaintain a negative
pressure differential between the inside environnent and the
outside, and filter all air inside the structure through an HEPA
and activated charcoal air filtration system This ensures that
any static release of chem cal agent will be contai ned and
filtered. Unfortunately, the suspected ordnance, the Livens
Projector and the 4. 7" Mark V artillery, provide a dynamc

rel ease of agent. These rounds al so pose a fragnentation hazard.
A conpl ete contai nnent of agent under these conditions is not
assured. In order to determne the effectiveness of the VCS for
cont ai nment of agent from a detonation of suspect nunitions the
concept had to be field tested.

In January of 1994, a VCS prototype programwas initiated by HNC
to determ ne the containment efficiency of the VCS. The

devel opnent of the VCS, testing at Sout hwest Research Institute
(SWRI') and its deploynent at Spring Valley will be covered in

t hi s paper.

1.2 Additional VCS Testing
1.2.1 Maximum Allowable Explosive Bare Charge Limit Testing

In order to enable a nore flexible use of the VCS, HNC initiated
testing of the VCS by SWRI to determne the VCS' s reaction to
vari ous bare charge weights and to determ ne the maxi num

al | owabl e expl osive bare charge limt for the VCS. The testing is
conplete and the results will be discussed in brief in this
paper .



1.2.2 Capture Efficiency Testing

HNC is starting the test programto determ ne the agent capture
efficiency for various charge weights. The testing is expected
to be conducted by SWRI on the VCS erected there. A short

di scussion of the expected test programand desired results is
i ncluded in this paper.

1.3 Other Containment Options

A brief discussion of other contai nnment techni ques and on-site
demlitarization of CMWMis also included in this paper.

2.0 SPRING VALLEY DEVELOPMENT AND TESTING OF THE VAPOR
CONTAINMENT STRUCTURE

The VCS sel ected for devel opnent (Figure 1) was a 14 gage
corrugated steel arch manufactured building wth a 5000-cfm HEPA
and activated charcoal air filtration system The factors in

sel ection were expected ease of construction, availability, and
durability in an expl osive | oadi ng environnment.

Sout hwest Research Institute (SWRI) in San Antoni o, TX was
selected in January 1994 to test the VCS to determne its

contai nment efficiency. The VCS prototype was erected on the SwRl
facilities in preparation for testing. The VCS was erected on a
sand bag base with concrete bl ocks used to provide structural
restraint against the predicted worst case interior |oading from
a detonati on.

The sand bag base was used to evaluate the use of sand bags as

| eveling tools in the field. Since intrusive activities are

di scouraged before the actual renoval operation, no base |eveling
with bull dozers or backhoe were expected. Use of sand bags is the
expedient way to level the site w thout digging.

The first task in the evaluation of the VCSis to determ ne
accurate detonation paraneters. Anal ytical nodels used for
conventional explosives do not always accurately predict the

| oadi ngs for chem cal ordnance. In this case both the Livens
Projector and 4.7" Mark V had high ratios of chem cal agent fill
to explosive burster quantity. This tends to danp out the shock

| oads. If the agent is relatively non-conbustible, the agent wl|
guench the fireball elimnating any serious quasi-static pressure
i ncrease. Fragnentation anal ytical nodels greatly over-predict
fragnment velocity when dealing wwth liquid filled nmunitions. An
accurate determ nation of the detonation paraneters is necessary
for both the prototype test evaluation and the field use.



2.1 Arena Tests

Arena tests were first performed on the two suspected munitions.
These tests had three objectives. First, the nunitions equival ent
expl osive weight in bare TNT nust be determ ned based upon the

si de-on pressures neasured. Second, the fragnentation potenti al
for the nunition nust be evaluated. Finally, the munitions

ef fectiveness in agent dispersal nust be eval uat ed.

2.1.1 Munition Descriptions

Actual Livens munitions were not available for use in the test
program and draw ngs of the Livens Projector were used to
fabricate full scale geonetric nodels of the Livens munition. The
nmodel munition was fabricated using two hem spherical endcaps
machi ned to the sane thickness of the Livens nmunition (3/16 inch
thick). These endcaps were welded to a cylindrical section having
a wall thickness of 3/16" inches. One of the endcaps was

designated the fill side of the nmunition and had a 1 inch hole
drilled in the endcap and a threaded coupling wel ded over the
hole to allow for filling the nmunition wth sinmulant. The ot her

end of the nunition had the burster tube welded to it. The steel
burster tube had 1.34 inch outer dianmeter and a 1.0 inch inner
di aneter. The burster extended 15 inches inside of the munition
as shown in Figure 1. The end of the burster tube inside the
muni tion was sealed to prevent the contam nation of the burster
charge by the chem cal agent sinulant. The other end of the
burster tube extended out of the nmunition approximtely 1 inch
and was threaded to accept a cap which was used to seal the
burster well after the expl osive and detonator were placed inside
the burster well. Al steel conponents of the nodel Livens were
constructed of A36 steel.

The Livens had a 0.16 pound TNT equi val ent burster. The act ual
Livens was filled with the liquid formof chem cal phosgene at
roughly a pressure of 60 psi. The Livens function sinply by the
burster destroying the outer containing shell and dispersing the
phosgene whi ch upon rel ease to atnospheric pressure vaporizes
into a cloud.

Actual 4.7" Mark V munitions were also not available for the
tests to be conducted. A nodel nunition was fabricated that was
sinplified in order to reduce cost of fabrication while

mai ntai ning the fragnmentati on, overpressure, and agent di spersal
characteristics of the actual munition. The burster and nose
configuration of the actual munition is close to that used in the
sinplified munition with the case thickening at the end of the
cone curvature. The mgjority of fragnments would result fromthis
nose section around the burster of the actual nunition and the
sinplified munition. The tail sections of both the actual and



sinplified munition will break up into larger pieces with | ow
vel ocity conponents.

The 4.7" Mark V artillery has burster explosive weight of .27
pounds of TNT. The 4.7" is also filled wth Iiquid phosgene at 60

psi .
2.1.2 Arena Test Setup

The munition was surrounded by four velocity screen bundl es and
14 gauge steel witness plates. The velocity screen bundl es were
used to capture fragnents and predict fragnent velocity. The

W tness plates were used to evaluate the fragnent’s ability to
perforate a 14-gage steel structure at close range. Two PCB
pencil type pressure gauges were used to determ ne the side-on
overpressure resulting fromthe detonation.

The el ectronic velocity screens were constructed of bundl es of
celotex faced by two |layers of foil separated by a poster board.

The foil layers functioned as an open switch in a circuit. \Wen a
fragnment penetrated the screen and cane in contact with both
| ayers of foil, the circuit closes and sends a signal to the data

recorder. Electronic break wwres were attached to the nunition
so that upon detonation another signal was sent to the data
recorder. Wth the tinme zero given by the break wires signals and
the inpact time given by the velocity screen, an estination of
fragnment velocity can be made.

Anot her method of fragment velocity was used by evaluating the
fragnments using the THOR equations for depth of penetration into
the celotex bundles. Gven the fragnent nmass, presentation area
relative to celotex bundle inpact, and depth of penetration into
the bundl es, and estimation of inpact velocity can be made. The
[imtations on this technique are that the fragnent tends to rol
and may not give an accurate prediction.

Two sinulants were used in the arena tests, ethylene glycol and
SF6. Ethyl ene glycol has a specific density approximate to that
of liquid phosgene. SF6 has di spersal characteristics to phosgene
vapor, is non-conbustible, and has |ow detection limts. Ethylene
gl ycol was used to determ ne the actual fragnentation attributes
of the munition while SF6 was used to determ ne the effectiveness
of the VCS for contai nment of agent.

2.1.3 Arena Test Results

The maj or objectives, as previously stated, were to eval uate
over pressure, fragnmentation, and agent dispersion froma nunition
det onati on.

The pressures which best match the actual pressures expected from
a detonation of a Livens Projector are fromthe nodel nunition



cont ai ning ethylene glycol as its agent simulant. This sinmulant
best nodels the blast performance of the nmunition since it has a
specific density approximate to that of the actual Livens.

The side-on pressure neasured by the pencil gauges set at a

hori zontal distance of 4 feet fromthe munition was 0.93 psi.
Usi ng the conputer program CONVEP, an equival ent charge weight in
bare TNT for a near surface hem spherical burst is determ ned.
This charge weight is 0.0006 pounds. This is a marked difference
fromthe actual burster weight of 0.16 pounds and denonstrates
dramatically the effects of a large liquid agent fill to charge
wei ght rati os.

The applicable overpressures for the 4.7" Mark V result fromthe
arena test of the ethylene glycol filled nmunition for the sane
reasons as discussed for the Livens.

The side-on pressure for the 4. 7" measured by the pencil gauges
set 4 feet fromthe nunition was 4.7 psi. Using the conputer
program CONVEEP, an equi val ent charge weight in bare TNT for a
near surface hem spherical burst is determ ned. This charge

wei ght is 0.02 pounds. Wiile the difference between the

cal cul at ed charge wei ght and the actual burster weight of 0.27
pounds, there is still a significant reduction resulting fromthe
fill material and casing. The liquid fill to charge weight ratio
is less than that of the Livens and correspondingly there is | ess
of a reduction in pressure.

As previously nentioned, the fragnentation of the nunitions was
evaluated in three ways. First the maxi num fragnent velocity was
determ ned using the data fromthe velocity screens. Second the
fragnment velocity of individual fragnments were cal cul ated using
t he THOR equati ons based upon the fragnent characteristics and
depth of penetration. Finally the 14 gauge wi tness plates were
visually inspected for fragnment perforation.

The arena tests which best nodel the actual nunitions were the
ones using the ethylene glycol filled munitions. The ethyl ene
glycol filled nunitions best nodel the blast response of the
muni tion since the specific weight of ethylene glycol and liquid
phosgene are simlar.

The nodel Livens had a large liquid fill to burster weight ratio
and the outer shell was conparatively thin. This causes the
munition to break up in a manner simlar to that of pressure
vessel failure. The shell remained largely in two pieces with the
shel | petalled back around the burster. The fragnments which

i npacted and penetrated the velocity screens were very small and
posed no threat to the 14-gage VCS structure.

The nodel 4.7" munition the liquid fill to charge weight ratio
was significantly |less than that of the Livens and this results



ina failure nmechanismsimlar to that of conventional ordnance.
The shell broke up into two large tail section pieces and
nurmerous | ong sl ender fragnments fromthe nose section. There were
sone fragment perforations in the witness plates. The velocities
nmeasured by the velocity screens and cal cul ated using the THOR
equations indicated that both the tail section and the nose
section fragnents could perforate the VCS structure.

The total nunber of possible nodel 4.7" munition fragnments which
could perforate the VCS structure was cal cul ated based upon the
test results.

Chem cal agent dispersion aspect of the nunition detonation was
eval uated solely on visual inspection. Both the nodel Livens and
4. 7" Mark V performed up to expectations with good agent
dispersal. No liquid remained with either round after detonation.

2.2 Spring Valley VCS Prototype Test

The testing of the VCS was sinple in concept and difficult in

i npl enentation. The nethod of evaluation was to cover the VCS
structure with a capture tent connected to a high velocity fan
(Figure 2). Any sinulant escaping the VCS after a detonation of a
SF6 munition was captured by the tent and the sinulant dosage was
measured by a continuous nonitor in the annulus connecting the
capture tent to the fan. There was also a nonitor on the exhaust
fromthe VCS filter system From neasurenents recorded by these
two nonitors the effectiveness of the VCS in percent agent
captured was determ ned.

Numer ous Summa type capture devices were placed around the VCS to
determ ne the worst | eakage |ocations. Several devices were al so
pl aced outside the capture tent to nmeasure the sinulant dosage
that was not captured by the test setup. These devices function
as vacuum sanpl ers which sanple all air around themfor 20

m nutes. They are then sent to a | aboratory to determ ne the
total sinulant dosage captured.

Bl ast gages were placed inside the VCS and two pencil type
over pressure gauges were placed outside the VCS in front of the
roll-up door

2.2.1 Results

The VCS was tested for the nodel Livens nmunition with SF6 fill
first. The nmunition was detonated in a 3.0 feet deep pit

sinmul ating a renoval operation. The neasured efficiency of the
VCS for the Livens was greater than 99. 4% agent captured. The

shock wave pressures neasured were between 1 and 2 psi and the
VCS sustai ned no danage. There was no significant quasi-static
pressure increase.



The 4.7" Mark V was al so detonated in a 3.0 feet deep pit with
shielding used to restrain the fragnents. The shields were
necessary due to site limtations at SwRI and were constructed so
as to not inhibit simulant dispersal. The VCS structure was pre-
perforated to account for expected perforation based upon the
results of the arena tests. The neasured efficiency of the VCS
for the 4. 7" Mark V was greater than 99. 7% agent captured. The
shock wave pressures neasured were between 2 and 4 psi and the
VCS sustai ned no danage. There was no significant quasi-static
pressure increase.

3.0 FIELD DEPLOYMENT AT SPRING VALLEY - WESLEY SEMINARY

The VCS was deployed at Spring Valley's Wsley Sem nary site
followi ng the conpletion of testing in Septenber 1994. The site
had a rough sl ope of around 10% Wile this would not hinder
performance of the VCS it was decided that the public perception
of the conpetency of the VCS could be hanpered by the structure
bei ng pl aced upon a slope. It was decided to | evel the structure
using a conbi nation of trenching and sand bags. The structure was
erected by a contractor using a telescoping forklift and several
| aborers. There were 1/8 inch thick blast shields placed over

t he openings of the air systemintake and exhaust. Ranps were
provi ded at each door. The structure was restrained using cables
attached to nobile honme anchors. It took roughly a week and a
hal f to construct the VCS

3.1 Benefits From Deployment

The benefits of using the VCS at Wesley Sem nary were dramati c.

| f suspected chem cal ordnance were unearthed w thout protection,
the surrounding community nust be evacuated to di stance greater
than 329 neters. This corresponds to an evacuati on area of
3,660,000 square feet or 340,000 square neters. The required
evacuation distance for the Livens and 4.7" Mark V inside a VCS
are 50 neters and 20 neters respectively. This corresponds to an
evacuation area reduction of 97% for the Livens and 99% for the
4.7" Mark V. The evacuation area required using the VCS at Wsl ey
Sem nary enconpassed one hone only.

3.2 Field Deployment Problems and Lessons Learned
Several problens occurred during depl oynent.

The VCS structure was placed in a trench and on sand bags in
order nmake it level. The soil in the trenches was not conpacted
and the structure tended to settle in the loose fill. This could
have been avoi ded by use of sand bags in the trench on top of
conpacted soil.

The ranps used posed several problens. The ranp connection had to
be flexible in order to account for uneven terrain. The ranps



sel ected would not allow the roll-up door to be closed and the
ranp surface was too slick. The ranps also tended to sink into
the wet ground. A standal one ranp unit could be used which has a
| ar ger base which would hel p prevent settling by spreading the

| oad out. Since the ranp is a standalone unit, it wll not
interfere with door operations. A |ugged surface should al so be
used.

The manufactured structure used as the VCS shell was heavy and
awkward to erect. The bolt holes did not align correctly in sone
cases and the access to sone bolt |ocations was Iimted. These
probl enms could be mtigated by better coordination with the
manuf acturer to enhance the constructability of the structure.

4.0 ADDITIONAL VCS TESTING

It is expected that the VCS tested and depl oyed at Wesl ey
Semnary will be used for other renoval projects. |n support of
these future projects a test program has been initiated to
provi de a baseline generic assessnent of the VCS s expl osive

resi stance and agent capture efficiency. The prototype structure
remains at the SWRI research site. HNC is conducti ng baseline
tests for explosive resistance and agent rel ease on the VCS. The
baseline tests include two phases.

4.1 Maximum Allowable Explosive Bare Charge Limit Testing

First the maxi mum al | owabl e expl osi ve bare charge Iimt nust be
established. The VCS was tested for several charge weights to
determ ne the structures reaction to explosive |oading. Charge
wei ghts of .1, .18, .4, .8, 1.0, and 1.2 pounds of G4 were

t est ed.

4.1.1 Testing

Two prelimnary tests of the VCS, with only roll-up door and roof
di spl acenent gages installed, were conducted. The tests were
conducted to verify the performance of the |inear displacenents
gages or "string pots." Prelimnary test 1 was conducted with
0.1 Ibs of G4; prelimnary test 2 was conducted with 0.18 | bs of
C-4. Both charges were placed in the geonetric center of the
structure floor, 3 feet off the ground surface. The results of
those tests indicated that the gages functioned properly, that
the roll-up door was not as stiff as anticipated, and that notion
of the entire front wall of the structure was contributing to
door displ acenent neasurenents. Modified door and backwal |

cal cul ati ons, based on neasured natural periods of the door and
rear wall, suggested that a 2 I b | oad woul d be the maxi num at

whi ch catastrophic failure of the door and rear wall would occur,
providing no other failure nodes (such as the personnel door)
occurred first.



In loads test 1, 0.4 |b of G4 was placed in the structure.
Results indicated mnimal to negligible danage to the structure.
In loads test 2, 0.8 |b of G4 was detonated. Again, mnimal to
negli gi bl e damage was observed. The only danage to be noted was
a slight deformation of the corrugated panels at the structure
base where they are bolted to the floor beam The fl oor beam
spanning the rear wall al so exhibited sonme indications of slight
(0.5 in.) outward "bow ng".

Loads test 3 was perfornmed with 1.0 I b of CG4. The results of
this test indicated that the rear personnel door franme was
beginning to fail, and that the roll-up door bottom stiffener was
beginning to plastically deformslightly (0.5 in.). The

per sonnel door frane had broken welds, was displaced outward at
least 1 in. at the top left corner when observed fromthe
out si de, and the door was defornmed about the sane amount. Both
doors were still operable. Loads test 4 was conducted with 1.2
Ibs of CG4. In this test the roll-up door stiffener (Figure 4)
was further displaced to about 1.5 in. The personnel door frane
(Figure 3) was pushed out an additional 2 in., and corrugated

cl addi ng above the frane was pulled | oose fromthe structure at
one |l ocation. The rear wall was apparently not danaged
otherwi se. The front wall was noticeably deflected outward in a
t hree panel configuration, where the panels to the side of the
roll-up door and the panel above the door were displaced at the
door franme about 2 in.

After discussions between SWRI and HNC, testing was stopped due
to danage to the roll-up door. The maxi num al | owabl e expl osi ve
bare charge wei ght was set at 1.2 pounds C4. Repairs required
after the | oads test 4 consisted of renoval, rebuilding and
repl acenent of the personnel door and frame as a "stiffened
cantilever"” off the floor beamand repairs to the roll-up door
and franme.

4_2 Capture Efficiency Tests

Foll owi ng the | oads tests, Phase Il will be conducted to
determ ne the agent capture efficiency for the VCS for various
charge weights. The testing will be simlar to the prototype VCS
efficiency test. The capture efficiency will be established for
three charge wei ghts ranging up to the maxi num al | owabl e char ge.
Two tests will be conducted for each charge weight to ensure
better reflect expected efficiencies. Capture efficiency testing
is planned to be conducted at SWRI in fiscal 1997.

Once the baseline tests are conplete, the VCS can be used for any
chem cal munition with a charge weight |ess than the VCS
explosive charge limt and if it neets the fragnentation
limtation. The withdrawal distance will be cal cul ated based upon



the VCS capture efficiency at chem cal nunitions charge wei ght
and the actual anmount and type of agent fill.

4.3 VCS Use Parameters

The VCS can be used after baseline testing is conpleted for other
CWM renoval projects. The follow ng i ssues nust be resol ved
bef ore depl oynent at the site:

| s the net equival ent charge weight of the CWMitem |l ess than
1.2 pounds C-4?

W1l fragnentation cause serious damage to the VCS?

VWhat is the capture efficiency for the VCS for the expected
CWM i ten?

Is the resulting NOSE di stance acceptabl e and does the VCS use
provi de greater benefits than costs for site at which it is to
be used?

The VCS cannot be used if the blast pressures are above those
for 1.2 pounds C-4 or if heavy fragnentation is expected. The

NOSE di stance for the particul ar depl oynment nust be determ ned
based upon the capture efficiency. The NOSE can be cal cul ated

using a conputer program called D2PC.

5.0 OTHER CONTAINMENT OPTIONS

5.1 Vapor Containment Fabric Structure

O her vapor contai nment structures and devi ces which coul d be
used in nonexpl osive environnments for capture of static rel eases
are being used and devel oped. Light weight vapor contai nnment
fabric structures (VCFS) have been used for contai nnent of static
rel eases and future operations using these lighter structures are
pl anned (Figure 5). Future testing of these lighter structures
is anticipated. Issues to be tested include resistance to bl ast
pressures, fragnment resistance, tear resistance, and agent
capture efficiency.

5.2 Partial Capture System

Anot her CWM agent capture systemis the partial capture system
(PCS). The PCS is a engineering control that was devel oped by HNC
to capture the majority of a static (nonexplosive) rel ease of
agent inside a pit or trench. The PCS uses two suction heads
along side a trench or pit connected to a high-flow fan system
which will generate a 35,000 cfmsuction air flowrate. The PCS
is showm in Figures 6,7,8 and 9. If wind screens are provided the
PCS can capture close to 100% of an agent release. An air
filtration systemnust be attached to the high-flow fan outlet.



This air filtration system nust have the sane fl ow capacity
(35,000 cfnm as the fans. Additional refinenments to the PCS are
anticipated including enlarging the shroud, testing | ower flow
rates, and small quantity expl osive rel ease tests.

5.3 Emergency On-Site CWM Demolition
Anot her use of the VCS is also be considered and anal yzed.

HNC devel oped an on-site ordnance denolition container for use in
cases in which an open or buried detonation of ordnance is not

al l oned. The contai ner has been tested and validated for
repetitive use for detonations of up to six (6) pounds TNT and
fragnmentation of 57mmartillery shells or equivalent. The
container systemis designed to prevent all fragnments, and the
majority of the blast pressures from escaping the container. An
interior blast mat is used to capture the majority of fragnents,
preventing damage to the outer shell. The outer shell can stop
all fragnents froma detonation w thout benefit of the blast mat.
The overpressures are mtigated using water bags placed around
the nmunition prior to detonation.

HNC i s anal yzing the possibility of using the on-site ordnance
denolition container with the VCS to provide an energency on-site
denolition process for recovered CWM (Figure 10). Initially, HNC
is looking at denolition of non-expl osive CW such as chem cal
agent identification kits. Methods being considered include using
a caustic solution in lieu of water in the water bags and/or
using a 5to 1 ratio of explosive to agent. The caustic solution
may neutralize the agent, and the 5 to 1 explosive to agent ratio
has been shown to conbust a majority of a phosgene release in
previous testing. Further analysis is ongoing and future testing
i's antici pated.

8.0 CONCLUSIONS

The U. S. Arny Engi neering and Support Center, Huntsville,
Ordnance and Expl osive Waste Mandatory Center of Expertise and
Design Center is dedicated to devel oping better and nore
efficient ways of containing and mtigating the effects of
accidental releases of harnful chem cal agents. HNC strives to
use the latest technologies with available materials and tools in
order to better protect the environnment and the public at | ower
ordnance renoval costs through its Innovative Technol ogi es
Program
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Figure 1 - VCS (Spring Valley)
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Figure 2 - Vapor Capture Test Set-up
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Figure 3 - Personnel Door Damage

Figure 4 - Roll-up Door Damage
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Figure 5 - Fabric VCS

Figure 6 - PCS (Shroud Up)

17



| |
| |
HORIZONTAL | VERTICAL i
HoaD ) HooD
| (AWNING UP)
| |
| |
|

[T’ CONNECTION |

AND FAN
ASSEMBLY

1

ELEVATION
(NOT TOD SCALE)
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Figure 9 - PCS Set-up (Plan)
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